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Overview 
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Tactical  Propulsion 

•  Improve  Delivered  Energy  3%  7%  15% 

•  Improve  Mass  Fraction  (Without  TVC/Throttling)  2%  5%  10% 

•  Improve  Mass  Fraction  (With  TVC/Throttling)  10%  20%  30% 


Liquid  Rocket  Engine  Material  Property 
Requirement  Generation  Flow  Diagram 


Performance  Goals  for  Cryogenic 
Upperstage  Rocket  Engine 
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Baseline  &  Demonstrator  Engine 

Comparison 


Delta  III  Configuration 
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Engine  Modifications 


Advanced  Expander  Combustor 


Powerhead-Showing  Chamber  Detail 


Material  Limits  Impacting  Performance 

Combustion  Chamber 
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Material  Limits  Impacting  Performance 

Nozzle 
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Chamber  Temperature  (deg  R)  Area  Ratio 


Advanced  Liquid 
Hydrogen  Turbopump 


Turbopump 


Material  Limits  Impacting  Performance 

Turbopump 
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Existing  Labyrinth  Seal  material:  Kel  - 
Heat  Distortion  Temp:  259  deg  F 


Material  and  Engineering  Limits 

Exploited 


2500  -  2600  °F 

Nozzle  Area  Ratio  Specific  Strength  175:1**  ” “  300:1 

of  Nozzle  Spec.  Str.  74K  in*** 


Weight  Estimation  Methodology 
(All  Weights  Assumed  Stainless  Steel) 
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Scaled  to  Turbopump  and  Nozzle 


Engine  Weight  Comparison 


All  Improvements  Nozzle  &  MccQ  =  Demo  w  Mcc  Q  =  Demonstrator  Nozzle  &  Mcc  Q  =  Demo  minus  HPFP 
1.25xDemo  1.25xDemo  Engine  2xBaseline  seal  imp. 


Thrust-to-Weight  Comparison 


All  improvements  Nozzle  &  MccQ  =  Demo  with  217%  Mcc  Demonstrator  Meeting  Nozzle  &  MccQ  =  2x  Demo  minus  HPFP 
1.25  x  Demo  Q  impr.  IHPRPT  Goals  Baseline  seal  impr. 
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Delta  III  Configuration 


Resultant  Delta  III  System  Payoff  to  GTO 


Conclusion 
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Recommendations 
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Investigate  other  Engines  and  Applications. 


Engine  Weights 


Gaps  to  Fill  BEFORE  Tying  Material 
^  Research  to  I HPRPT 


Step  I  Vi  Completed  _ >  Existing  Material  Programs 

Material  Development  Programs  underway  (without  without  property  values  to  target  their  results 

IHPRPT  target  values  for  their  properties)  i- - - - - - — 


Phase  III  IHPRPT  Performance  Goals 
for  Cryogenic  Upperstage 
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Progression  from  Demonstrator 
Optimization  to  Sensitivity 


Material  and  Engineering  Limits 

Exploited 


Elasticity/Rigidity  change  required 


Material  Limits  Impacting  Performance 

Injector 
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Nozzle  Definition 


Percentage  is  based  on  nozzle  length  compared  to  the 
length  for  a  1 5°  nozzle  to  get  to  the  same  exit  area 


Variation  of  Length  Constrained 

Nozzles 


Nozzle  shapes  resulting  from  fixed  length  an 

varying  area  ratios 


Material  Limits  Impacting  Performance 

Combustion  Chamber 
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Heat  Load:  < 
Wsc  -  Tc) 


